Short-term plasticity of Bergmann glial cell extrasynaptic currents during parallel fiber stimulation in rat cerebellum.
Bergmann glial cells (BGC) enclose the synapses of Purkinje neurons (PN) and interneurons in the molecular layer of the cerebellar cortex. During synaptic transmission, glutamate evokes inward currents in the glia by activation of Ca2+-permeable aminohydroxymethylisoxazole propionic acid receptors (AMPAR) and electrogenic transporters. We describe the plasticity of BGC currents during paired-pulse and repetitive stimulation of parallel fibers in cerebellar slices. Paired-pulse facilitation (PPF) of BGC AMPAR currents was 4-fold, twice that of PN PPF. Experiments with a low-affinity AMPAR antagonist showed an increase in extrasynaptic glutamate concentration during the second pulse of the pair. PPF of glial transporter currents was 1.8-fold, similar to synaptic PPF. Tetanic stimulation revealed that facilitation of BGC AMPAR currents is not sustained during high-frequency stimulation, and substantial depression is observed after a few pulses. Consequently, Ca2+ influx through glial AMPARs would initially be facilitated but subsequently depressed, generating a transient Ca2+ influx in response to a sustained tetanus. This pattern of plasticity may be important in enabling Bergmann glial cell processes to detect and support synapses with high-frequency input. Finally, a new current was observed in BGC during repetitive stimulation. It was blocked by NBQX and intracellular GDP-beta-S, increased by glutamate uptake inhibition, had PPF similar to synaptic PPF, and was unaffected by an inhibitor of fast glial AMPAR currents. The evidence suggests that activation of neuronal AMPARs causes the release of a paracrine messenger to activate a G-protein coupled receptor in the BGC.